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UNIDIRECTIONAL AND BIDIRECTIONAL ELECTRON HEAT FLUXES.

It lUL+ I)oen known for some years that the Ph’(’tro[l Componont d’ the sohw w’imi phusma !’;mh)s

heat awi~~from t IN’hot solar roronti in the form of a hmt filLY [.\fmttgomer~ tit al.. I~M8]. As (Iq)ictwl

srhelllnf ira]]v ill ~i~rp I. this outward rotduct ion of tlwlt is a [molls(](lll(’ll(’tiof t 11(’f;l(’t tIlilt t1)(’rlm)tl;~.

which (’()[l[itills pli-NIIM at trmpwar I]rw nl)ovr 10s K. COIIIIWIS t () !11(’ 11111(’11 w)t)lrr olltl’r 1“(’il(’11(’~ot I11(’

hdiosphmo tllrollgh thr interplimctiuy Illagnctic field, lMF.

Figurr I is a highly simplilicrl representation of t ho imwr Iwliosphm(” (’xtmling from t tw slm to I)wNI(l

the Eiirth”~ od)it at 1 AU. Th~ Iigurc assumes IIsolar wind whirh is Hewing rdially outwmd with ii Imiform

4(MIkm s - * hulk w+)city. ThcI How is shown wlthour high spml strcvms which mnanato from cmmd Imlrs

(see. for (wmple. the revi~w hy Hundhawm [1977]) or sh)wcr Hews which (hwdop from corona] strramms

[(;osliny rt d.. 1!)8II. \lthough idmlizd. this uniform .4rchimdr;m spiral coniigurilt ion illustrates il]~

gmcrd Iirhl topology governing t ho uni(lir(wt ional outflow of h(wt from iIMIhot cormti. Electrons with

vmrgy d)mw - 80 (~V(Bscq)e from tlw rollrctivr l)~llk pli-MIM flow of drctrms iu](i ions nwu thr SIIII

itl~(i])rol)agilt(” rohivdy frcoly nl(mg tho l,MF. .+t th(w high(’r orwrgim. the rlrctr(m colllon]l) srattoring

hingth~ tirr h)llK. (tomphriil)l~ to Erwth’s orhtid (list nn(’r. At Iowor mwrgirs mu!(d) srnt trring roust rnirls
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act ws trst partickw tracing out the I\IF’ geometry.

( ‘onsqurur ly. ;1sSINJWNiu Figure 2(it). solar wind elrct rom mw-usmwlin int q)liuwt ary q)w”r Ilorn)illly

(Iisplav two (list inct vol[)(’ity (Iistrit)ll: ion conlponmlts [.lfontqorrltirv f’t d.. 1968]: 1) a roolor ci)lllpouvllt

rallmi t!W “-core”-which contains t tw I)ldk of the clm’tr(m population. mId 2 ) u mm) tonlmlls omllp(uwllt o!’

higher trlnprraturc (Iloctrons, cdhd tho ‘-Mo.”- TIN corr tmds to ho mvwly isorropic nnd can Ilsually I)v

wdl rq)rrsrnttvi I)y ~ l)i-.MaxwAlian (list rihut ion function from which thc stamiard hulk prq)(irtirs (d’t hr

plasma. 511chi-usdensity. sped. and the parnlld and pqxndicular AWron tmnpc’r:ttllre C(mlpommts. (’iill

be dtvivd. On the other hand. the MO ‘mnpon~nt is USU~llv IPSS isotropic. is ~ligm(i~ ~long the IMF ill

the direct ion point ing outward from t hc sun. and is compomi of coronal electrons carrying tho heat Hux

from Ihr hot coronu toward the cold outer rrachcs of the hdiosphmr. Sometimes the brat flux is t)rowl

;LII(I not wd distinguished. whik at other times it can he vw’y narrow. particularly in high sptwd streams,

Suc!I Anarrow distrit)ut ion h~~ Imen trrnwd t ho ‘-srrahl””I)y f?o,wrtbauer et d. ~1977].but in t !lis paper wr

(10 not distinguish I)rtwmm [hr hroml i~]](l narrow halo distrihutiom iLn(j iiiclu(~~ both under thr ~etmric

trrm %cat Hux.””

( “n(im special rondit ions. 10 1)(’fliw’ln+sr(l in tlm following sort iors. both cmis of tht’ lMF may ho

romwrr wl to hot sourcvsmresult i:lg in n I)idimrt ional heat flux. i.r.. hcnt HIIXtWHewing in opposit~ (Iirm’tions

or [’t)lllltrrs(rotiltlillg nh)ng t Iw IMF, ;is slmwn in F;gurr 2(I)). Expcritmct’ shows t hat t h~ oppositdy dirertml

IIra[ tiux (!!strit)llt imls Iwml tmt I)v svmmrt ric. Thry rnn havr Imth linwlud widths nnd unqmd tlux

umwnacTloNAL

I SULKPLOw
v, vILOC’TT

●191nlCT10MAL

‘\%

lb)



BIDIRECTIONAL HEAT FLUX AT THE BOW SHOCK

lf’htm a spacw.ra!l is h)carod Ilpstroam from thr Earth on an lMF line which connt’cts to t INII)OW

lg~~]. [1]iuklitioll to thr lIsui-doutwar(i dirw’trii hWt fflLK from the S1111”Shot (’orollil.” ;1 11(Wtlllx cwl(ilwtin:

Ilpst rcmll froln t )w how shock is ot)servwi, This is shown schmntlt h-idly in Figllrr 3 for m I\l F (wiell[J[ ion

that inrlldos some examples of field Iirms connecting to the bow shock and others that (10 mt co inert.

[‘pst rmm from thc shork on Ii(’hi Ihws which ronnoct to it. solar wind rirct ron (list rihlit ions wshihit i~r] imwr

core distrit)ution and two lwat Hux compormnts. (he component d~picted by the open elliptical srction

pointrd toward the how shock represents the outward heat Hux from the corona while the opposir cly

dirertcd and Hlled-in smtion represents the hackstreaming h?at HIMfrom the bow shock. Downstrwm

from t ho shock hut outside it on t hcse sarm field lines hot h heat Hux components are prtwnt. but in

this (.i~s(~t)oth are dircctod to the outrr Iwliosphmo. On field lint’s that do not connect. only the outward

rormml :’oulpollrnt is ol~crvml.
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slIock In.. ol)smvod at ISEE 3 at timm.

The dwrvat iou gPortNItry d’ thc Stansbtmy et al. study is shown in Figurt* fi(ii). ISEE 3. twilit illg

the L 1 point. is positimml ilt ii radius r from the Earth. ~ is t h~ iL(’[ltC iUl~l(’ IM’tw’()(’ll th(’ If)t”;dl\l F

iiid tlw q.mrvcrnft position vrctor rrlativr to tlw Earth. X(;s~. Yf;sE. illl(i L ;$~ !lil~f’ r lK’ (’t~llv(’lltiotlill

gcocvnt ric-solitr PCIipt ir Ainit ions. .4s showrl in Figurr 5(b). wtwn thc lMF w.. orimt wl wirhill .;’ t)l rhv

Eart 11-spi(’(’rrilft lint’. t)i-wkst roaming obct rmw from rhe l)OWshock wrre cIrarlv Aservw I :tpproxilnilt (*ly

ls~ ~)fthe ~il~c. perhapj ~ surpr;singi y small fraction for this mnnec t ion g~orl~t’tV. ~OIM rt)mwct ions

appmmtly ocrurrtwl for angles As large M - 30- 35°. The Ma indicate that a significant portion of t })(’

hidirect ional events it!entified with u] > 400 should I>c ~ssigne(i to a catcgm-y of events othrr than how

shork cmncct ions. l%rhi~ps some of t hoso may he ro]at cd to the coronal mws ~jecticm wmts disc usswi in
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. .
. “BIDIRECTIONAL ELECTRON HEAT FLUXES AT COMET GIACOBINI-ZINNER

on %pt~’mbcr 11. 1985 the I1lternational (’olncta~ E.xplor(’r i1(’E) q,w(v’raft. forrncrly ISEE 3.

passwl rhmlgh the coma mid Aww-4opingtail of ( ‘(mwt (Jiacot)illi-Zirlrler. 7800 km hehinf I the nu(’l(vls. ThP

Los Altimos plasma electr(m experim(mt (m b(xw(l I(’E [D(lrrw ~1 al.. 1!)781)](h’twtml il stroll: illtor;wrioll

h’tww’11 , lIe solar wind and the COIIICC [ Dame rf d.. 19861. Highly tlhllrnt. Ilor. ;111(] (1( ’11S(’ ])]ilSIlliL

wi~+ ohwrwd M I(WEi~ppr(~a~hed and receded from the mitral imis Of thc r;lil [(jo.~linu tl al.. 1!)86;K

Thonxn et d.. 1!)86], lH thr cc’ntral tail ;~narrow. high-clrnsir}r ror~ o!’v~ry (wld :d~wnn ww folmd iZf~~iM

et al,. 1986. ●rCornaY et d.. 1987] in which the interplanetary magnetic field. draped around the comvt.

undmvcnt an expect r(i field reversal at a m]rrent sheet [Smith et d. 1986: Slauin et d.. 1986]. .Xorvidrnc~

was found for a conventional. smali srale bow shock separating the interaction zone surrounding the comet

from rho solar wind at th(’ 1(’17,intcwrpt points. instead. a more gradual transition was observm-f which

hw bmm railed a ‘.I)ow wav~.’ [.Smith et d.. 1986],

As t II(’spa(wcraft approactmi and r(vw(ie(i from the n’gion of st rong interaction at the remet. (~piso(hw

of bidirrctionnl rim-t ron heat fluxes wrrr ohserwwl in the solar wind. These were iritmpretd in the same way

that I)iflirrrtional (distributions [~bservwi in the vicinity of Earths how shock have hren interprrtcd (’xcept

rhw ;it t hr (wmtht it is not clear whet hrr thc bow wave is a bow shock modified by the presencr of the much

heavi(’r com(’tary ions. or som~ othm kind of a transit ion, IZxampi(’s of IYIF r(mnectwi and unconnrctcd

(’lw-rrml (Iistrihlltions ;u-c shown ill Figur(’ (i fZiN’tl dist ribut ion ww4 m(vlsumd during a Ysecond spin of

rho sl);w(’rr;d’t ill which If.iwwrg-y sww’ps wrr(’ ot)tnillw] ill l(i azimuthal ;Lliglcrangrs which togmhcr cover

WO”. ‘l”Iw (Iistril)lltims shown in tlw Iigurr plot log rolmts v+ log (’nrr~ at th(’ I[i wimuth lmsirionsn

III t II(IIlnco,llm’ro(l (list rilulri(nl, m(v~~llr(vliit [)841:2;] [ .T INISrpt(’lnlwr 11. 1!)8;;. ;1 (’hwr. Ilni(!irrctimd

hf’;~rtlllx i+ lm’sonr. [lowing outward along t tw intmplaurtarv nmgnw ic tic]fl, lhrlim. at. OWG:M [‘Tmthr

qm’w’r;dl Wil!! (m ii livhl Iilw t hat r(nuw(’1wl to t lw I)(JwW;lv(’;ul(l IIot rotn~t ar.v intorwct iOn region. l%is

{listril)lll it)ll i~lso IIisljl;lvs rIN*cl’lltrnl lwnr tflw of not (~l(v’trr)llsfron] t lip solar (wrotl;l. hilt ill n(hiit iollmilt
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mu-w. is I}N hear HILX tlowing hack Ilpstrmrn along the IMF from the hot cometary imcracrion zono.

of Axwron [xirall]tht ors (luring an intrrviil of one hour prior to cm ~ into th[’ 1)(W wavr iit - ()!)2()1“T.

0800 0010 0820 0830 0840 08s0 0900

UT

I)ottolll” ~);lIl(’lS, 11(’t !I(’ilt !IIIX. Q r. ilIl(l (lir(’~tioI~ of” n~t II(M flux. w~r, m’ plOt td ‘rh(’ crow-hutchrd hnrs

in t Iw or lxm’1 show t inw intrrvnls Wlwll thr IYIF ww rolmrctrd to t hr Solilr wiml intvr;wt ion rrgion

sllrrollmlillg t IN Iml(ws of t h (wnwl. .\ I I lI(IS(B t in]tw t 11(~fmllpvrnt m’ is (Il(w;lr(Yl iiIl(l t II(I Iwt lwnt HIIX is

WIIV(l l(N’illlV(’XC(’(”(l*t Il;lt rmllillg t’rmli I Ill’ ●1111.

‘rhtl sillglv itllvrrq)l (d’1(‘1; will) IIII ( ‘11111(11( ;i;l~,t)l)illi-?,illlll~r[’0111;1;11.{I I;iil Im)viflm mlv mtr.v iul(l
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and the comet gas pro(iuction

intermit tent ly in thc upst mam

.. ... . . .. .. . - . ... ..... . .. . ... .... .. .. 1..1. .-llfi pt.

rate [Frwelier et d.. 1!)86]. The backstreaming hear f_hLYeswm ohsm-wd

region zs the IMI? orientation fluctllated and (’ollrart WM ll~;ld~;mti brokm

wit h the how wave, Assuming that the first and last points of contact during an episo(lo of COmN}Crion

occur when ~ is tangent to the i)(.)w~vave s!]rfii~(’. the onsm m:] mds of Ilpstm-ml ]1(’i\t ~lLK mmrs (ill]

be used co infer the location of this bound: ry. The rombinat ion of spacecraft h)cat iou and magrmt ic lirld

directions from the vector helium magnetometer carried on 1(’E [.Smith et d.. l!JM] for all onm~ aml (W1S

(ieterrniac a set of field lines tangent to the bow wave boundary. This *t wiw used to find the best tit o!’

an assumed shape. chosen to be a paraboloid of revolution about an uis pointing from rhe G-Z nucleus

toward the sun.

The best fit shape is shown in Figure 8. along with the calculated points derived from the episodes of

connect ion. %rue of the scatter in the boundary points is thought tn bv due to the simplifying assumption

that the magnet ic field lines from the spacecraft to the points of tangency are straight. Large amplitude

.MHD-like waves with periods of 1-2 minutes were observw-! in the upstream region [Twrrdani and Smith.

1966]. so the asmmption of straight field lines is somewhat compromised. Inaccuracies caused by this effect

were minimized by using one minute averaged magnetic field data.

.%suming that a shock exists at the subsolar standoff point, the calculated subsolar standoff distance

of 4 x 104 km was used to estimate a gas production rate oft he comrt (+w Fwelier et al. [198G]for details),

The computed rate was 3 x 1028 mol/s which is in reasonable accord with estimates from grounr.i-bKseci

otwrv:lrions.
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On occasion solar wind clrctrons with crwrgies grratm than about 80 ~v are ObSPrVrdto be collimiitwi

both parallel and antiparallrl to the lMF mm whml a spacecraft clciirlv is not nlagll~~ir:dly ronritvmtrtl to

the Earth’s bow shork. .bl e~;lmpie of such all interplanetary evrnt ran IN’srrn in Figurr ‘Jwhi:’h displilvs

grey srale-mded electron count rate angular distributions from lsEE 3 ill an em)rn P;AMM1 wrwliug

from 137 to 3G2 (IV M ~ l’lmction of tillle on A“ov. 24 atld 25. 1978. Thr unidircrtional t)~i~ln prior r(i

2(XM)!‘T on Novwnbrr 24 and after - 17(M)(:T on Y.ovrmbcr 25 i.+the lwual solar wind ch’ct ion hear ~lLX:

~hanges in the beam azimuth as a function of time rorrrspmd to changes ill the azinluth of the IMF. (From

-- lMI 17T until -IXMI I ‘T on ~Novembm25 the IMF WM tilted strongly out of the ecliptic in such a manner

that the IMF and electron heat tlux were not renterrd within the ●(i7.3° acceptance fan of the ISEE 3

electron analyzer. ) Beginning at -’2(K)()1.T on STovembm 24 and cent inuing until 4915 I ~Ton .JIovmnber

25 two rountcmt reaming beams of clcrt rons wme observmi which const it tit c a bidirectional electron heat

HILY event. Note that the rount.erstrcarning

intensity.

.:,
!, .*.’P.,

‘. !. 1,,,.
;t. .

l-warns were of rornparable. although not necessarily equal.

. . . . .



.

displayed in Figure 9 are olwrved about 3 times per month [Coding et al.. 1987]. Ihcnt durations n-tntqo

horn Icss than one hour to grc~ter thw 40 hours: h~wcv~r. the 1:1-hour duration of the Sflvt}mber 24 25

went is rcprcsentativo of the majority nnd corrwpmds to a structure with a spatial wi(lth or thirkmw

of 4),13 fistronornica] units. .+[-!. TIN}onset of electron hidirw’tionaliry USIHNVsignals spacocr;dr (Ill[rv

into a distinct pkwma and field entity. most often charactmized by Mlomalollsiy low prot(m md clrct rotl

tcmpernturos. a wrong, smoothly wt~ing magrwtic tidd. a low plwma bma. iud ii high rota] prmwm’.

About half of all events twhibit abnormally high helium Abundances (He+-/H + ). often rntry to and/or

exit from a bh-iirectional event is marked by a field rotation discontinuity. and. at times. t hc field int crnal

to the ewmt rotates through approximate y 180° (such a rot at ion ww absent in the November 24-25. 1978

event shown in Figure 9).

The abovr plawna wnd field signatures provide information concerning the origin of interplanetary

hidircct imd heat flux twwnts. Howmwr. perhaps t ho I)mt clue to their origin is their ~tmng i~~so(’iil[ion

with intw-plarwtary shock~ !e.g.. Montgomery tit d.. 1074: Dame tit al.. 1981: Zruickl et d., lWM: (;wlinq

et d.. IW7]: statistical stu(iicw rwmd that approximately half of all interpi,anctary bidirectional rvrmts tire

precwlrci by shorks and that approximate t4y half of all interplamt itry sharks tire fol]owrd within -24 hours

hy ono or more hi(iirrrtional cl~trml hc~t fiux rwwts. Figure 10 illustrates this i-wmiation for the mujor

shock (iist Ilrbarlcc ot’Xovm-nbm 1? 13. 1!)78 [Dame et d,. 108 1]. Shock p: L+mge cm be dist inguish(d in t hc

vmtictdlv wac!wd ion mwr~/A;wgr (l’C/q) spocl rn (NI thr loft-hand siilr of t hc Iiguro hy tho hroadcning

Of t IN’sl)rrr r;l ad t Iw shift to higtwr E/(1 vnlum M -[)028 !‘T (N1Novrlldwr i’1, .4p!m)ximatclhv 17 hours

Intrr t IN’qmrrwr;lft rutvrwl n phwma rogiwc chnrnct crimd !)y n low ion tomprrntllrr (nmrow +pw-trnl

I)raks ). ;I high Idilml ;~l)lltl(lnnro (hirgr sorond pouk). il Illf)(hhrilt(’l~ St ron~ ;lllfl strwiy IYIF (not dmwll ).

uml ;Lstrong hifiiroct ion;d dwt ron hrnt Iilrx :di~nwl with t Iw lil F (right -Imnd ptuwl ). lmporlnnt Iy. ill

virw t~f III{’illtqm’t ;it iorl to follow. rhis phumM w;w lh)wirlg f;L*tvr (I)vnk 11/(1 v;~l[w ]Iighrr I thn]l t IN’

wtd)iont I)hwmwdwnd of t tw shork. A rrprcsvntur iv{’SIliil)Sllot Of (x)lNOims I)( I III” 2-llitIltlflsit]lllll vlwl rOI]

vt40rit~ ~listrihill ion during thr illtrrvnl of irltorw I)idirort ionni *ir(’*lllilrg irl shown in Figurr I I. ‘rho

opposirdy” {Iircwwl wlprnt horrmd tnils Id’t hr [list ril)llt il)n [lllriri~ this intrrvtd nro irl Iluwkwl conr r;~~tto t II(I

Imi(linwl if)r]ldINwt ll~Ixsi~rlntllrv Il[)rlldlv Asmwml.
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Fig. 11.
.+djawnt isoimmiiry contmuw differ I)y a fartor of 0.,5 in log f, where f is ptlaq~ spwr drnsity.
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ilS,VIIIIIM’tr,y of rho polar rain prwipitation ill rho (Iitf(wm

IYfF. IIsually tmly ono of the polar ct’.ps is magnvtir;dly

mnnectcd to the sm. the other polar C;LP Iwing magnctidy mnnrctrd to the rotor hdiosphmi. Thus.

whrn th~ I.VF is (Iirrctwi outwnrd from thr sun (IIppt)r I)and ) t n~ Plm’t mm ]N’wt liux ::,trwum into thr

nort horn pohw c~p. i~~..iwhen tho lkl F is dirort ml in towtird t II(Isun (Iowm pnmil ) t hc olcct ron hoar !IILX

strt-wl]s into thp soutlmn polar (’it[).



10sscorm in t Iw mt urn (tailward ) (Iircct ion owing to t 11Ploss of part iclrs which ActIlally prm.il)i[;lt r ill t hr

upper titmosphoro. Howmwr. such 10ss cones shouh.i t)e quite narrow (1* T’ ) ml ;W(’ditfimlt to f!rtrrr

with pmmt illstr~lxllt*llti~tiol].

on ()(’(’iL~i()Ilsntpllitw in low lZilltll [)rl)it llitVO (l(’t(’(’t(’(l pohw rilill (’1’MltS whrrr tilt’ IIIIX l~!f’1(’(’111111~

is Sirlllllt;tl)(’ollsly nrarly rho %+lllC in l)otll pOliM (’il~S [.ll(lkitfl MI(1 .lll:rl(]. 1987]. SIICI1 (’V(’l:t S ill”(’ lillow’t I il~

hwtlisphm-icnllv syumtric pohwrain rommtrnst thrm with th(’ilsvl]ll]l(’tri(’ prvril)it:tii(m whirh gwwr;dly

prevnils. Hclllis[)l~t~ri~i~llVsymmvtric d~r riiiIl rv(’nts

once pm multh on the nvmigc. iild o(ttm occur within

shocks.
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ptII +JI LU 1 1 on the tdlowmg d;~~. .+ w(’mld tMirectiOnal ~vcnt W’*S ~ntwunf~rd 1)(’gimling w 1713 [‘T

on hfarch 23 ami lasting until 4215 ITT m March 2-I. Both of these hltwhn~tary ~l-~nts m in(licarml

by the solid bars !mwath the spred prdilc in the top panel of Figure 14. The first d’ ttlrw rwo ovt-mrsis

Imriouhtwily tho (‘ME driving the .ihork.

.In intense Iwmisphcrically svmnmt ric pohar ri~inwmnt (nearly equal HILXW of prwiipitnt illg cloct nms in

lmth polar r;lps) hogan at - ‘22(M)[Y on March ?2 and lastwl until - IIMNI[“T tho ntwt (I;ly. This inr(md

is in(licatd I)v th(’ hatched I)ar l)meath t ho spwd protilc in Figurr 1-1. TIMIrolatiw” t ilning Iwt wwn t IIis

polar rap evrnt and the first oft he interplanct(ary hidircrtimd w~nts (hl{}i~rl~ iudir~r~~ ~1(’;~ll~~i ~awriat inn

Mween the two phenomena. the lag hotwetm the interplorwtary ~vent mId the pol~r rap mwnt bring

rrlated to the plasma travel t inw from thc spamwraft to the IZart h and to th~ tinit~ t imc rrqllirod for newly

intmwnnertcd firhl lines to occupy NA-M ant id frrict ion of the pok rnp.

Dcspit c thc (~xcrllcnt correlation Iwtwmw the first interplanetary w+wnt and a Iwwlisphcrirnlly syn]-

nwt rir pohw r;~in wmnt. wv notr that the sword interval of I)iflirrctimal streaming (’lwtrom appmv]tty

(lid not product’ htmlisph(’riridly syrrmwtrir pohw rain. A mtijor diffmmc Iwtwcen th~ two int~rpliill~ti.iy

(wmt~ WASt1](’NPIMWof t tw tilt of t hr lMF rolat iw to t 1](’ m-lipt ic phmc. III the first ~iLN(’ rho tidd WM

t ipp(d i)riltlilrily w)llt hwmi. whik it imiM ml prim;wily nort hw;wd [luring thc swwnd twmt. Thus t ho IMF

oriont ;lt iml WNSfil~ori~l)l~for dnvshir r(vmnn(’ct ion ;~t t hc Ihrt h-s maKlwtoi)mm (oppositdv (iirwtrd lMF

;md torrmrrinl fh+l ) in t tw Iirst rw’nt. I)llt ww llnfw-md)ir (iuring t tw +wwnd rvrnt. Thwt is, ilitcrronncr-

t ion l)~~iw(~t’[] r II(I ILwt II-S Iirhi ill](i I II(I lXIF is H t]r(’~~itr~ rondit ion ffw tho imx!ucr ion d Ilf’l]lisi)lltirir[lllv

SVIIIllNStric i}()]ilrr;lin whrll ;1 I)i(iiwrt i[)lml rlvrr rtm ]Irnt Illlx is imww ill illt Pri)ltin(d nry simr(’,
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Fig. 15. Bar chart indicating the olkwrvwl tcmportd rchitionship twtwm-m Hll rq.mrrml hmnisphcrictiljy
syrnmot ric polar rain rvrnts [.wakila i~ll(i .Ueng. 1 !)871aml I)idirrrt ional ckct mn heat fiux rvrnts ohsmvrd
M ISEE 3 ;q)proximatrly 230 R.E ll~~tr~anl, For wwh cxiLInp!t’ t]w inttirpkmrtary went is d)ovr and the

polar rap (’vwlt is I)Q1ow.The rwmts ;m nligrlml vcrticnllv so that the onsets of nll thr polnr cnp wmnts
fwll nom the midd]e of t hc graph. Xote that n hidirrrriomd olrrt ron htmt flux rvwlt was OINK’WKI for idl
of t hc lwnlisph~rirally I:ymrnct ric polnr riliIl rvonts. ;md tll}lt for :111wonts h[lt 0111’(30. J 1 (ht. 1!)78)
tIm int Crplanpt Jlry (~v(qlt st [lrt d prior t () t 1](’ t (Irrcst rid vw’nt. Tlm St“ong aw~ociation (lmM)nst rat (’(f h~rc

t)~t.wtwq] I hr:,o two r~lnt ivrly rare Nnd hri( f ptwrmmmm dmmmst ratrs that (1) tho solar wind olw’tron heat
Hux is t hr primary sourer of polar rain ;md (2) in pnrt iruhw. a Lidiroct iorml clrct.ron lwnt HI]X ill thr

sdnr wirl(l is rosponsil)lr for l~olrlisl)lltlri(’}tllysymmot rir polnr min. .’f(lnl)ttvl fr( I n tnhlo in (imlinq PC d.

[l!W)].

o
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The solar roronti is much hot tor than t hr vwwurn of intqhwttiry *PACP ml. w a rrsult. heat liows

from fhr sun to the wltrr rractws of the Iwliosphere. in the Sdfir wind [hr ]1(’ilt f;lut is tr;lllS1)(Jrt(’(]

prinltirily by the (d(v’tr(ms. which ar(~ n]oro mot)ilt~ than th(* ions. Ylm+urcnwnfs rrv~id that this ]Iwt HILX

is cnrri(~l primarily hy drrtrms with rncrgitw AOVP -8(J ~k’ imd is dircrt (1(Imltw:mi from IIN’SIHInhmg

thr intorplmwtary mngnctir field.

orr;wiomd]y :1 I;i(iiroctim+d (’lc(’tron heat HUX is obm-vtvi in itltcrplmctimy spire. Tlww :Jidirrrt ion;d

HUXCSllsually signal Pit her magnetic c(mncction to an addit iomd hot sourcp such tu~a planet m-y how shock

or comot ary how wavo or spacecr~ft wn ry into a cOronal mw cj@ ion. [n the fortmr ctm t Iw occlmrorm

of bidirertiomdity can. ii n~ other things. he IISA to infer the overall shape of the bow shock or how

wave. whilv in tlw lnttor CMCI the hidirrrtionality CIUIbe used to infm the closed nx+gnetir topology of the

( ‘ME.

owing to thp open n;~turo of the magnetic tit+i in the Earth’s polar rmp regions and thr ve~ high

mohilitv O( t tw rlcrt rons which cnrry t tw sohw wind heat HUX. n portion of thc solar wind Iwut flux

rmmmmly p(vmmt(w to low tdt, itmitw to pro(lucc thr pr~ipi!ntion known M polar r~in. Intmwnls when

polar r;lil] is olmrvwl wirh tmrly qual intensity in both poimr ~iit~~ mrmpond to times whm t II(I Earth

is inmlmwd within ii ( ‘ME iit 1 A! ~ :md the sok wind electron heat fl(LYis bidirortiomd. :it wlcll t imrs

Imth of t114’hut h’s p(dm i“}ll)~;wr rit hrr nmgn(’t irfdly connm’t rd to t I)(’*:111or nrc connectwi to il rlowl

tlm~nrt ic 100I}(plnslnoi~l) whirh is rnt irrlv (liscmmort wl from t11{1wm.

;! f-krlt)till:’fl!jrrit: nt,~, TIIV rrslllts rrvirwwl hero wrrr ol)tainwl in rolhdmmt itm with w numlwr of ollr

rollwlgIIm. ilwlll(lill~ 11, X. Ilnkrr. \V, (’. Irrl[hlwl, S. A. Ihscliw, E. J, S[l)itll, J, A. Stnnslwrry, \l, F.
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